Medicinal plants contain high levels of natural antioxidants and exhibited strong antioxidant activity. In order to find new sources of natural antioxidants, a screening of natural antioxidants from some Tunisian medicinal plants commonly associated with treatment of some diseases were conducted. The total phenolic compounds, flavonoids, anthocyanins, and hydrolysables tannins were measured, and the antioxidant capacities were evaluated using DPPH and Trolox equivalent antioxidant capacity assays. Results prove that there are important quantities of these compounds in Tunisian medicinal plants. A positive linear correlation between Trolox equivalent antioxidant capacity and the phenolic compound contents suggested that these compounds were a major contributor of antioxidant activity of these plants. The results from this study will help us understand the antioxidant capacity profiles of these medicinal plants, and also investigate new sources of natural antioxidants.
INTRODUCTION
The free radicals, say, superoxide anions, hydrogen peroxide, and hydroxyl radicals, result from the partial reduction of oxygen into singlet oxygen. These compounds induce oxidative damage to biomolecules, which may cause many diseases, such as atherosclerosis, ageing, cancer, diabetes mellitus, inflammation, and AIDS. Plants contain a large variety of free radical scavenging molecules, such as flavonoids, anthocyanins, carotenoids, dietary glutathionine, and vitamins. These compounds have high importance due to their biological and free radical scavenging activities. [1, 2] Phenols are a major group of antioxidant phytochemicals with interesting properties that can play an important role in adsorbing and neutralizing free radicals. They possess potent antioxidant, anticancer, antibacterial, antiviral, and anti-inflammatory activities. [3, 4] economic importance for North America, Europe, and North Africa. [22] Sagdiç et al. [23] reported the antimicrobial and antioxidant properties of thyme.
The aim of this study is to determine the content of total phenolics, total flavonoids, anthocyanin, and tannins and to evaluate total antioxidant activity of six Tunisian medicinal plants. Investigation of theses antioxidants and their activities from these medicinal plants will contribute to an improved scientific understanding of traditional medicinal uses and will also be helpful for investigation of new sources of natural antioxidants.
MATERIALS AND METHODS

Chemicals and Reagents
All solvents were of reagent grade without any further purification. 2,2'-Azinobis(3ethylbenothiazoline-6-sulfonic acid) diammonium salt (ABTS), Folin-Ciocalteu's reagent, rutin, and gallic acid were purchased from Sigma Aldrich (St. Louis, MO, USA). The analytical reagent grade acetonitrile and methanol were obtained from Lab-Scan (Labscan Ltd, Dublin, Ireland). The water used in high-performance liquid chromatography (HPLC) and sampling was prepared with a Millipore Simplicity (Millipore S.A.S., Molsheim, France). All chemicals used in antioxidant activities were of chromatography grade quality and were purchased from Sigma Chemical Co. (Poole, Dorset). Spectrophotometric measurements were performed on a Shimadzu UV-1600 spectrometer (Shimadzu, Kyoto, Japan).
Plant Materials
Six selected medicinal plants popularly associated with a lot of traditional treatments have been collected from the Matmata Region (South Tunisia: latitude 33 • 27 N, longitude 10 • 00 E).
The plants are Artemisia campestris, Artemisia herba-alba, Marrubium astracanicum, Rosmarinus officinalis, Teucrium marum L., and Thymus vulgaris L. Plants were collected in the spring season from reported species in the flowering stage. From all of these species, the shoots were manually removed, sun-dried, and powdered. The shoot powder (10 g) was extracted and stirred with 100 mL of MeOH at 30 • C for one night. The extract was filtered through Whatman no.1 filter paper for removal of peel particles. The residue was re-extracted with 60 mL of MeOH and filtered. Extracts were pooled and concentrated under vacuum at 40 • C.
Determination of Total Polyphenol Content
Total phenols were estimated by the Folin-Ciocalteu method. From each sample, 0.5 ml of methanolic solution to 0.5 ml of Folin-Ciocalteu (Prolabo) reagent was added. We add 4 ml of a solution of sodium carbonate 1 M. The tubes were laid for 5 min in a water bath at 45 • C and then put in a cold water bath. The reading of the absorbance was made at 765 nm using a Shimadzu 1600-UV spectrophotometer. [24] Total phenolic contents of each fraction were converted into mg gallic acid equivalents per g dry weight.
Determination of Total Flavonoids Content
The amount of total flavonoids in the extracts was measured spectrophotometrically following the method of Djeridane et al. [25] This method was based on the formation of a complex flavonoid-aluminium having the maximum absorbance at 430 nm. Rutin was used to make a calibration curve. An amount of 1 ml of methanolic extract was mixed with 1 ml of 2% AlCl 3 methanolic solution. After incubation at room temperature for 15 min, the absorbance of the reaction mixture was measured at 430 nm using a Shimadzu 1600-UV spectrophotometer (Shimadzu, Kyoto, Japan). The flavonoids content was expressed as rutin equivalents in mg per g dry weight.
Determination of Total Anthocyanin Content
Total anthocyanin content was determined by pH differential method using two buffer systems: potassium chloride buffer (pH 1.0, 0.025 M) and sodium acetate buffer (pH 4.5, 0.4 M). Methanolic extract was mixed with 3.6 ml of corresponding buffers and read against water as a blank at 510 and 700 nm. [24] Absorbance (A) was calculated using A = (A 510 -A 700 ) pH 1.0 − (A 510 -A 700 ) pH 4.5 with a molar extinction coefficient of 29,600. Results were expressed as mg of cyanidin-3-glucoside equivalents per g dry weight.
Determination of Hydrolysable Tannin Content
Hydrolyzable tannins were determined by the method of Çam and Hısıl. [26] An amount of 1 ml of 10-fold diluted extracts and 5 ml of 2.5% KIO 3 were added into a vial and vortexed for 10 s. Optimum reaction time to gain maximum absorbance value was determined to be 2 min for pomegranate peel extracts and 4 min for standard solutions of tannic acid by a preliminary experiment. Absorbance of the red colored mixture was determined at 550 nm versus the prepared water blank. Six different concentrations of tannic acid solutions (500-2000 mg/l) were used for calibrations. The final results were expressed as mg tannic acid equivalent (TAE) per g of dry matter.
DPPH Radical Scavenging Activity
The scavenging activity on DPPH radical of methanolic extracts was determined following the method reported by Elfalleh et al. [24] An ethanolic test solution of deferent concentrations was prepared from a stock solution of shoot extracts (1 mg of dry powder per ml). DPPH (100 µM) was dissolved in ethanol and mixed with an aliquot of 100 µl of each dilution. The mixture was shaken vigorously and left to stand for 30 min in the dark at room temperature. After the reaction was allowed to take place in the dark for 30 min, the absorbance at 517 nm was recorded to determine the concentration of remaining DPPH. All measurement was performed in triplicate. The radical-scavenging activity was calculated as % inhibition from the following equation:
ABTS + Free Radical Scavenging Activity
ABTS + assay was based on the method of Elfalleh et al. [24] ABTS + radical cation was produced by reacting 7 mM ABTS solution with 2.45 mM potassium persulphate and allowing the mixture to stand in the dark at room temperature before use. The ABTS + solution was diluted with ethanol to an absorbance of 0.70 ± 0.02 at 734 nm. After addition of 25 µL of the sample or Trolox standard to 2 ml of diluted ABTS + solution, absorbance at 734 nm was measured at 5 min. Results were expressed as Trolox equivalent antioxidant capacity (TEAC).
Statistical Analyses
All samples were analyzed in triplicate. Statistical analyses were performed using XLSTAT 2009 (http://www.xlstat.com). Data were expressed as mean ± SD using ANOVA. Differences at p < 0.05 were considered statistically significant by Duncan's new multiple range test. The relationship between parameter was described as Pearson correlation matrix and r 2 coefficient. Differences were considered statistically significant at p < 0.05.
RESULTS AND DISCUSSION
Total Phenolic Compounds
The amount of total phenolics (Table 1 ) vary in different plants and range from 2.43 to 12.35 mg GAE/g of dry weight basis (mg GAE/g DW). The highest levels are detected in Teucrium marum and Thymus vulgaris (12.35 and 11.80 mg GAE/g DW, respectively), and the lowest levels are detected in Artemisia campestris and Rosmarinus officinalis (2.43 and 3.81 mg GAE/g DW, respectively). The results obtained with Thymus vulgaris are slightly lower than those obtained by other authors [27] who reported a value of 17.1 mg GAE/g DW. Moreover, the values obtained with Artemisia campestris are lower than the value reported by Djeridane et al. [25] for Algerian T. vulgaris (ca. 20 mg GAE/g DW). These differences might be due to environmental factors or the part of plant used. Indeed, total phenolic contents are known to vary from the different parts of the same plant. [28] Phenolic contents of M. astracanicum and A. herba-alba are, respectively, 7.0 and 5.6 mg GAE/g DW.
The amount of total phenolic compounds in all tested plants is higher compared with other medicinal plants from China, such as Baphicacanthus cusia, Cremastra variabilis, Trichosanthes Kirilowii, and Rehmannia glutinosa, [29] or from Iran, such as Valeriana officinalis and Alcea kurdica, [30] or from Finland, such as Armoracia rusticana, Phragmites australis, and Linum usitatissimum. [27] These differences might be due to environmental factors or genome. Indeed, it was reported that the amount of total phenolics vary with respect to families and varieties. [28, 31] Total Flavonoids Table 1 showed that all studied plants are rich in flavonoids. The amount of the flavonoids varies between ca. 21 and ca. 72 mg RE/g DW. The highest values, like the phenolic compounds, are detected in Thymus vulgaris and Teucrium marum (71.41 and 61.79 mg RE/g DW, respectively), while the lowest values are also detected in Rosmarinus officinalis and Artemisia campestris (21.83 and 22.02 mg RE/g DW, respectively). The results obtained with Artemisia campestris are three times higher than the value reported by other authors [25] for the same species collected in Algeria. The level found with Marrubium astracanicum and Artemisia herba-alba are 45.06 and 44.75 mg RE/g DW, respectively.
Moreover, it is worthy to note that our studied plant contains a very high flavonoids level compared to other medicinal plants from Algeria. [25] Kaur and Kapoor. [31] reported that flavonoid amounts ranged between 0.22 and 10 mg Catechin Equivalent/g DW for some Iranian medicinal plants. El-Sayed [32] reported that flavonoid amounts ranged from ca. 47 to ca. 89 mg RE/g DW for some Ficus species. 
Total Anthocyanins
Hydrolysable Tannins
The highest amount of hydrolysable tannins is detected in Thymus vulgaris (102.79 mg TAE/g DW) followed by Teucrium marum with 97.30 mg TAE/g DW ( Table 1 ). The lowest value is about 43 mg TAE/g DW and it is detected in Rosmarinus officinalis and Artemisia campestris. The values measured in Marrubium astracanicum and Artemisia herba-alba are ca. 67 and ca. 82 mg TAE/g DW, respectively. El-Sayed [32] reported that total tannins ranged from ca. 11 to ca. 30 mg gallic acid equivalents/g plant extract for some Ficus species.
Antioxidant Activities
The free radical scavenging activity determined by DPPH is expressed as the IC50 value (the concentration of extract required to inhibit 50% of the initial DPPH free radical). Results are reported in Table 2 . Measurements of antioxidant activity of Tunisian medicinal plant extracts show a significant variation between species. The free radical scavenging activity determined by DPPH vary from 0.09 mg.ml −1 (Teucrium marum) to 0.73 mg.ml −1 (Artemisia campestris) and the values determined by ABTS range from Using the DPPH method Artemisia campestris displays the highest antioxidant activities, whereas the TEAC values show that plants with the highest antioxidant activity (Teucrium marum and Thymus vulgaris) exhibit relatively the highest total phenol content. Therefore, the use of various methods for the evaluation of antioxidant capacity makes comparison even more difficult. [33] Moreover, some phenolic compounds react slowly and require longer reaction time. [34] In addition, synergism between the antioxidants in the mixture makes the antioxidant activity not only dependant on the concentration, but also on the structure and the interaction between the antioxidants. [25] This can explain the results obtained with Teucrium marum and Thymus vulgaris with high phenol content and antioxidant activities variation (same for Artemisia campestris).
As shown in Fig. 1 , the antioxidant capacities obtained from TEAC assay and those obtained from DPPH assay were well correlated (r 2 = 0.804).
In the recent past, several dietary and herbal formulations that have free radical scavenging potential gained importance in treating chronic diseases. [35] Because of the multiple reaction characteristics and mechanisms involved in the estimation of the total antioxidants, no single method could accurately reflect all antioxidants in a mixed system due to the complex nature of phytochemicals. Indeed, the antioxidant activity of phenolics is mainly due to their redox properties, which make them act as reducing agents, hydrogen donors, singlet oxygen quenchers, and also may have a metallic chelating potential. [25] In this study, the extracts of the six medicinal plants are evaluated for the antioxidant capacities using the DPPH and ABTS assays. Indeed, the reliable method to determine the free radical scavenging capacity involves the measurement of the disappearance of free radicals, such as ABTS + , DPPH, or other colored radicals, with a spectrophotometer. [36] Table 3 shows correlation coefficients of total polyphenols, flavonoids, antocyanin, and hydrolysable tannins in Tunisian medicinal plants to DPPH and ABTS + assay. Figure 1 shows correlation and regression analysis of the ABTS and DPPH assays. The correlation coefficient between the ABTS antioxidant activity (TEAC) and total phenolic contents of Tunisian medicinal plants is r 2 = 0. 852. According to DPPH, the correlation coefficients are as follows: r 2 = −0.953 in total polyphenols, r 2 = −0.941 in flavonoids, r 2 = −0.959 in antocyanin, and r 2 = −0.960 in hydrolysable tannins. As for ABTS assay, the significant correlation has these values r 2 = 0.852 with total polyphenols and r 2 = 0.805 flavonoids. Whereas for the anthocyanins and hydrolysables tannin the values are r 2 = 0.742 and r 2 = 0.561, respectively. These results suggest that the antioxidant capacity of these Tunisian medicinal plants is mainly due to the contribution of phenolic and flavonoids compounds. These results are in agreement with other authors who suggested a good correlation between total phenol and total antioxidant activities of six culinary and medicinal plants. [37] Indeed, phenols are a major group of antioxidant phytochemicals with interesting properties. Besides, it is clear that together total polyphenols, flavonoids, antocyanin, and hydrolysable tannins contribute to the antioxidant activities of extract from medicinal plants. However, no information was provided as to the type of constituents responsible for those activities.
CONCLUSION
In this study, the amount of phenolics, flavonoids, anthocynins, and hydrolysables tannins and related total antioxidant activity of some Tunisian medicinal plants were evaluated. Results showed that these plants are rich in these compounds. This explains the use of these plants by the ancient people to treat several diseases. Teucrium marum and Thymus vulgaris are found to be the most promising ones. These plants contain the highest amount of phenolic compounds, flavonoids, anthocynins, and hydrolysables tannins. Significant correlations between the TEAC and total phenolic contents are found, indicating that phenolic compounds are the major contributor of antioxidant capacities of these plants.
The results imply that bio-active compounds from the present studied species might be potential resources for the development of antioxidant function dietary food. However, in-vivo tests are necessary to confirm the use of these species in medical practice.
